An RNA-dependent DNA polymerase was isolated from purified virions of endogenous oncornaviruses released by the MOPC-315 murine myeloma cell line. Upon sodium dodecyl sulfate-polyacrylamide gel electrophoresis, the purified enzyme was found to consist of two major polypeptides with molecular weights of about 28,000 and 26,500. The active enzyme had a molecular weight of approximately 56,000, as calculated from its sedimentation on glycerol density gradients, indicating that it is probably a dimer of the two subunit polypeptides. The isolated MOPC-315 virus polymerase exhibited all three activities known to be found in the DNA polymerase from oncornaviruses, namely, an RNA-dependent DNA polymerase, a DNA-dependent DNA polymerase, and an RNase H. The RNAdependent polymerase activity showed a pronounced preference for Mn2" over Mg2+, whereas the DNA-dependent and RNase H reactions were catalyzed by these two cations to an almost equal extent. The purified polymerase was found to be immunologically related to the polymerase of Rauscher murine leukemia virus.
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The genome of retroviruses is known to code for the viral RNA-dependent DNA polymerase, which is strictly required for the establishment of a productive viral infection (20, 22) . This enzyme was purified from a variety of avian and mammalian RNA tumor viruses (5, 7, 9, 10, 12, 14, 18, 19) . To date, all the DNA polymerases isolated from different type C mammalian viruses (i.e., murine, feline, and primate viruses) have comprised single polypeptides with molecular weights ranging from 70,000 to 85,000 (7, 17, 18, 21, 22) . The same is true for the enzyme of an endogenous feline type C virus (RD-114) (13) , as well as for the enzyme purified from the intracistemal type A particles from the mouse plasma cell tumor MOPC-104E (24) . However, the values calculated for the molecular weights of the DNA polymerases from other oncomaviruses are higher (about 110,000), as is true for the enzymes from type B mouse mammary tumor virus (4, 14) , intracytoplasmic type A particles of mouse mammary tumor virus (11) , Mason-Pfizer monkey virus (2) , and hamster leukemia virus (23) . In the case of some of these enzymes it was suggested that they consist of two subunit polypeptides, thus resembling the molecular pattem of the avian leukosis/sarcoma virus polymerase.
Almost all research to date on RNA-dependent DNA polymerase has been carried out with the enzyme purified from exogenous viruses and very little with the enzyme from endogenous viruses. In fact, there has been only one extensive comparison of the enzymes derived from endogenous and exogenous oncornaviruses: this was done with avian leukosis viruses and showed that the enzymes from both are indistinguishable (3). However, insofar as mammalian viruses are concerned, some research was conducted with the enzyme from RD-114 virus, which is endogenous in feline cells (8, 12) . It was a challenge, therefore, for us to purify and characterize the RNA-dependent DNA polymerase from another mammalian endogenous virus. Since mammalian endogenous oncornaviruses are most widely prevalent in murine cells, we have chosen to study the polymerase from the type C endogenous virus released by the MOPC-315 murine myeloma cell line (25) (26) (27) (Fig. 10) . The eventual step elution resulted in a concentration of 85% of the total enzyme in only 1.8 ml of volume, i.e., a 20-fold concentration. The purified enzyme was stored at -80°C after increasing the glycerol concentration to 50%. The outlined purification procedure shows a recovery of about 14% of the initial enzymatic activity with a purification of about 43-fold (Table 1 ). Both the degree of purification and the specific activity of the final enzyme preparation were below those obtained in the purification of the DNA polymerase from avian sarcoma virus (ASV) (5, 9, 10), murine leukemia virus (12, 17) , mouse mammary tumor virus (14) , or Mason-Pfizer monkey virus (15) . The low yield is probably due to the high degree of instability of the purified MOPC-315 viral enzyme (data not shown).
Molecular size of the purified enzyme. Inspection of the purified enzyme preparation from freshly prepared virus on sodium dodecyl sulfate-polyacrylamide gels revealed two closely spaced protein bands ( Fig. 2A, track B) , whose A 120-mi DEAEcellulose column was loaded with 130 ml of DEAEcellulose buffer containing 7.5 mg of the solubilized viral proteins. The column was washed with 850 ml ofthe DEAE-cellulose buffer, followed by elution with 350 ml of a 0.025 to 0.6 M NaCI linear gradient in the same buffer. No enzyme activity was detected in the loading and washing solutions. (B) Chromatography on poly(U)-cellulose. The pooled and dialyzed fractions resulting from the chromatography on the DEAE-cellulose column (120 ml) were loaded onto a 50-ml poly(U)-cellulose column. The column was washed with 250 ml of the poly(U)-cellulose buffer and eluted with a 250-ml linear gradient of 0.04 to 0.75M (final concentration) ofKCI in the same buffer. About 5% of the total polymerase activity loaded on the column emerged from it during the loading and washing steps. (C) Chromatography on phosphocellulose. A 6-ml column ofphosphocellulose was loaded with the dialyzed peak fractions from the poly(U)-cellulose column (40 ml). It was washed first with the phosphocellulose buffer and then with 20 ml of the same buffer with an increased (0.125 M) concentration ofNaCl. A final step elution wasperformed with 20 ml of the buffer containing 0.6 M NaCl. Fractions of 0.6 ml were collected during the elution. About 3% of the total DNA polymerase activity was detected in the solutions that emerged from the column during the loading and washing steps. estimated molecular weights were calculated to be 28,000 (a) and 26,500 (b), using standard proteins of known molecular weights (Fig. 2B ). The marker proteins were those described in track A, with the addition of chymotrypsinogen A (Mr = 25,000).
The similar intensities of these two bands suggested that they were present in close to equimolar ratios. A fainter band could be occasionally observed adjacent to the 26,500-molecularweight band with an apparent molecular weight of about 26,000, and its intensity varied from that of the other two, seeming to increase as a function of prolonged storage of the purified enzyme in 50% glycerol at -20°C (data not shown), a phenomenon similar to that reported for the conversion of to a subunits in purified avian myeloblastosis virus DNA polymerase (22) . Nevertheless, the 28,000-and 26,500-dalton protein bands were always the major detectable ones. These enzyme polypeptides were not observed in the polyacrylamide gel electrophoresis pattern of the purified virus proteins (comprised of three major bands with molecular weights of 86,000, 46,000, and 30,500 and two fainter ones of approximately 17,000 and 15,000; Fig. 2A 798 NOTES track C), indicating that the enzyme proteins were not related to any one ofthe viral structural polypeptides. When the molecular size of the active polymerase was determined by centrifugation in density glycerol gradients in the presence of protein markers, a figure of 3.9S was calculated for the peaks of enzymic activities present in both the purified enzyme preparation and in the dissociated virus (Fig. 3) . Employing the formula (Mrl/Mr2)(2/3) = (S1/S2) (16) (Table 2) . Among the tested synthetic template primers for the RNA-dependent polymerase activity, poly(rA). oligo(dT) was the most efficient, whereas the highly specific poly(2'-O-methyl-C) * oligo(dG) substrate showed the lowest activity. The purified polymerase efficiently transcribed the homologous MOPC-315 70S RNA. Moreover, it could also transcribe the heterologous ASV RNA with a 15-fold stimulation when oligo(dT) was added as a synthetic external primer. In a control experiment, oligo(dT) alone did not stimulate any incorporation of deoxynucleoside monophosphates into the acid-insoluble material, suggesting absence of any detectable terminal transferase activity in the preparation of the purified enzyme. As to the DNA-dependent reaction, the MOPC-315 virus enzyme showed a VOL. 34 Fig. 4 clearly indicates that the immunoglobulin G against Rauscher murine leukemia virus polymerase neutralized the poly(rA) . oligo(dT)-directed activity of the enzyme, whereas the anti-ASV polymerase did not, suggesting an immunological cross-reactivity only with the mammalian enzyme.
In the present communication we have shown that the RNA-dependent DNA polymerase purified from an endogenous virus of mice, namely the type C virus released from the murine myeloma MOPC-315 cell line, is similar in several enzymic properties to the enzymes of mammalian type C viruses. It is, however, of smaller molecular size, and in fact, we suspect that we may be dealing with the smallest RNA-dependent DNA polymerase hitherto described. The enzyme isolated from the MOPC-315 virus has a molecular weight of about 56,000, which is significantly lower than the values ranging from 70,000 to 85,000 reported for all but one of the polymerases of mammalian type C viruses (8) . Likewise, relatively low molecular weights were also determined for both the purified enzyme preparation of MOPC-315 virus and the activity in dissociated virions (Fig. 3) , indicating that the obtained values are not an artifact resulting from modifications in the globular properties of the protein which may have occurred in the course of the purification process. Apart from the matter of molecular size, an even more marked difference between the polymerase from the MOPC-315 virus and those from other mammalian type C viruses is its subunital construction. The likelihood that the active enzyme is a hetero-dimer oftwo polypeptides with molecular weights of 28,000 and 26,500 is supported by three facts: (i) that we could not preparatively separate these two polypeptides, nor could we obtain fractions enriched by one without the other during the purification steps employed; (ii) that the intensities of the stained bands were similar enough to suggest that these subunits are in near-equimolar ratios; and (iii) that the sum of the values calculated for the molecular weight of the two subunits was almost identical to the value for the molecular weight of the active enzyme. However, we cannot at this stage completely rule out the less likely possibility that the 56,000-dalton protein is composed of two identical 28,000-dalton subunits, some of which are always degraded to the smaller-molecular-weight polypeptides.
In overview, the results described in this paper demonstrate that the DNA polymerase associated with the endogenous type C virions of the NOTES 801 murine myeloma MOPC-315 cells is a fully active polymerase, although smaller in its molecular size than all other described RNA-dependent DNA polymerases. There are several questions yet to be resolved, as follows. Are the two polypeptide subunits of MOPC-315 virus polymerase structurally related, as are the a and, subunits of the AMV DNA polymerase (22) ? Is low molecular size a characteristic for the enzyme from all endogenous viruses of mice? Is there any connection between the unique size of the virus polymerase and other properties of the endogenous viruses? These points are now being investigated.
